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is 1 7 ABSTaua 

A self contained jet perforator torch (10) for defining 
large holes (H) in a workpiece (Uv such as a large 
bomb! includes a plurality of ports (68) fluidically cum 
netting a combustion chamber u’ith a slot-like chamber 
(621, The sorts and the slot-like chamber extend at an 
an&e with’ respect to the lon_nitudinal centerline of the 
torch whereby fluid exiting the torch contacts a work- 
piece at an angle (I) with a normaI (N) extending from 
the workpiece. 
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FIG. 

FIG. 4 

FIG. 5 
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MXZLE FOR SELF-COXTAIXED CUTTIYG 
TORCHES 

1. Technical Field 
The present invention relates genera& to metal ,cut- 

ting, and more parricular1y to cuttine through bomb 
casings. Most specificslly. the present invention relates 
to large dud ordnance. 

2. Background 
Dud disarmament often includes establishing a hole in 

the metal casing of the dud and igniting the explosive. 
The hole is defined to be large enough whereby the 
gases generated bv the burning explosive are vented in 
a manner so the explosive burns out completely without 
detonation. 

In the Dast. ITROD torches have been used to form 
the L’ent hole. Xowexr, large dgds, that is bombs five 
hundred pounds or ok*er, are subject to special problems 
which makes it difficult to use ITROD torches on these 
duds. For example. these large duds may become em- 
bedded and may have antidisturbance deL*ices on them 
u+hich causes them to explode if the dud is moved. 
Furr’nermors. the hole defined in the casing of these 
duds to burn the warhead must be of preckeiy con- 
trolied dimer!sions. If the hole is too small. the burning 
of rhe warhead u-ill explode the bomb, yet if the hole 
too large. insufficient pressure ~41 be held maintained 
in the bomb casing to sustain burning. In the latter case. 
some of the warhead u.ill remain unburned creating 
further problems of disposal, 

As the ITROD torches are d&gned for use on small 
devices. XI individuai ITROD torch \+A1 not define a 

k- 
hole large enough fw use on larse duds. Therefore 
several spaced apart ITRUD torches must he combined 
to define a hole large enough to be suira~le for use on 
larse duds. Ho~evttr, combining JTROD torches has 
many problems L+*hich effecti+ preclude their use in 
such an application. For example. all of the torches 
must work tcgsther 2nd each must \vork properI>* to 
c’reaie such a hole. If one torch does not operate as 
efficisnti!. a~*, :he (-{hers. the hole may not be properl>O 
sized. If an>. one of the muitipie ITROD rorches dues 
nr! t wvL proper1 yw ihe hole Gli be too smash and the 
dud ordnxxt ma>* explode instead of having a desired 
burn WI. EWII the vsr\* act oi mounting the ITROD . 
torches on 2 i~rge dud has drawbacks. Die to 01s exis- 
rence 17f the aforementioned antididturbance deGces, 
th< pOSl;iOning of Ihe JTRCNJ torches n-135 itself. be 
daqerous. TO position four or more torches increases 
the possibiIity of exploding the bomb Ga the antidis- 
trlrbance 3~~s. El en ii these ITROD torches could be 
proped>* pos:tlonttd. :hey ma>* not GUI the bomb casing 

w rfhknrh tixsrr~\ rczuiring luger torches. The larger 
lorihes rA,ls~ it ‘mnr~ dif5;uh to prcspt~l> ;Ind safeI>* 
fllLJL.lEt lh?K k:ii thC titid. 

(XJECTE OF THE ISYESTIOS 

2 
It is another object of the present invention to pro- 

vide a novel and improved means for defining a hole in 
the casing of a large dud in a manner which is reliable, 
efficient and safe. 

These and other objects are achieved by a jet perfora- 
tor device which efficiently defines a hole in a large 
bomb dud which is properly sized to burn out the war- 
head of such dud. The jet perforator device may have a 
reusable casing body which houses a pyrotechnic 
charge and a nozzle means. The nozzle means guides 
fluids generated by the burning of the pyrotechnic 
charge outwardly into a cookie cutter pattern and 
againsr the bomb casing at an angle thereto. The means 
for defining the cookie cutter pattern includes a conical 
slot defined in a graphite base block to define a conic2 
plug and a plurality of ports fludically connecting the 
conical slot to the chamber in which the gases from the 
burning pyrotechnic charge are generated. The conical 
slot has an exit diameter corresponding to the desired 
hole size required for a large dud. The ports are spaced 
from each other a distance which permits fluids exiting 
from each of those ports and expanding to a 43” angle 
with respect to a longitudinal centerline of the port to 
overlap u+th fluid exiting from the adjacent ports which 
also expands at that 43” angle. The overlapped exhausts 
thus completely fills the conical slot. Fluid exiting the 
conical slot does so at an angle with respect to the nor- 
mal of the workpiece whereby the fluid contacting the 
uorkpie*ce tends to move molten workpiece material 
out of the work zone. 

BRIEF DESCRIPTION OF THE DRAU’INGS 

Other obiects, ad\*antages and novel features of the 
invention L-ill become apparent from the fokwing 
detailed description of the invention when considered in 
conjunction with the accompan$ng drawings wherein. 

FIG. f, is an .exploded elevation view of a jet perfora- 
tor device embodying the present inllention: 

FIG. :! is a top plan view of a nozzle unit embodying 
the present invention; 

FIG. 3 is an elevation view of the nozzle unit shown 
in FIG. 2; 

FIG. 4 is a schematic representation of the cookie 
cutter patrern and the 43” exhausr an_eie of the jet perfo- 
rator nozzle means of the present invention; and 

FIG. 5 is a schematic of a polygonal cutting pattern 
established by the jet perforator of the present inven- 
tion. 

DETAILED DESCRIPTIOY OF THE 
PREFERRED. EME3ODIMEYT 

Shown in FIG. 1 is a jet perforator device 10 which 
includes a reusable casing 12 for forming a large hole I-I 
in a ~orlrp~ece W. such as the casing of a large dud. The 
casing 12 stores a pyrotechnic cutting material M, such 
as flwrocarbons and thermite, or the like. Combustion 
of rr13t~i~l $4 in 3 combustion chamber unithin the cas- 
ing 12 generates high temperature. high pressure fluid 
ii hich is ;sed 10 cut the hole H in the WorkpIece W. 
Thr <asmg is ;ubular and has a closed end 14 through 
~iick writ holes. such as vent Mes 16. can be defined 
four defining 3 5afet?- prei;sure relief means. .4n open end 
18 ~r~iudes 3 il7untrtrhc7red portion 20 extending from a 
W-I? 22 IN ard the clo?ed end an3 fclrrr.s a shoulder 24 in 
rhe mnctr icurfacr oi the CLGI~. The czs!r+ IS sized to 
c’kW;lm the prqxr amount of ~harfe Mereby the 
paper cutting ;ictmn oc‘c‘urs u lth the proper amount of 
In;~rr?al prL’wlre. .4 collar 30 has threads 32 for cooper- 
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able association with threads 34 located on the external 
surface of the casing. A flange 36 extends inwardly 
toward longitudinal centerline 38 of the device 10 and 
abuts the Casing rim 22 when the collar is affixed to the 
casing and includes an inner surface 40 separated from 
an outer surface 42 by the thickness dimension of the 
collar. The outer surface 42 is adapted to be affixed to 
the workpiece W, and an exit hole 48 is defined through 
the flange from the inner surface 90 to the outer surface 
42. The hole 48 is formed bv flange end 50 which is 
angled to converge from o&r surface 42 tourard inner 
surface 40 of the flange. The thickness of the flange 
spaces the inner surface 40 from the worlcpiece W a 
distance kvhich is predetermined to provide efficient 
and safe operation of the device 10. 

A nozzie means 50 conducts fluid generated by com- 
bustion of the of the pyrotechnic material M against the 
workpiece W. The nozzle means includes a b&e block 
51 and is adapted to be mounred in the casing 12 with a 
base block downstream surface 52 held on the collar 
flange inner surface 40 and a base block upstream sur- 
face 54 abutting the casing shoulder 24. The nozzle has 
means for conducting fluid to the exit hole 48 so that 
fluid contacts the workpiece at an angle and in a cookie 
culter pattern to define a hole large enough to vent a 
laree dud. 

The nozzle unit is best shown in FIGS. 2 and 3 and 
attention is directed thereto. The nozzle unit base block 
is formed of material such as graphite or the like, w&h 
has the grain thereof oriented to exrend transversely of 
the longitudinal centerline 38 of the device 10 as the 
block material will be strongest for such a grain orienta- 
tion. A fluid path is defined by a slot-like chamber 62 
formed in the base block to be conical and to extend 
from the outer surface 52 toward inner surface 54. The 

#- b’lock thus has a conically shaped central plug-like sec- 
tion 66 located within the perimeter of the slot. The slot 
has a dimension at its lower perimeter adjacent to the 
exit hole 48 corresponding to the perimeter of the hole 
to be cut in the workpiece. The slot-like chamber is 
angled outwardly with respect IO the nozzle longitudi- 
nal centerline so the fluids exiting chamber 62 do so at 
an a@ directed radially out%rard of rhe nozzle. Such 
our!{-ard fluid flow moves melted workpiecc material 
out of the work zone whereby cutting action is more 
effecienr. The angle of incidence of the fluids against the 
iclorkpiece is also adjusted so that the cut made in the 
warkpiece is not so Icrng as to require a grear amount of 
p\‘rotechnic material KI complete the operation, but not 
si short as to cause the ff uids to enter the warhead in the 
casing to a depth which causes problems in prop@ 
burninE that warhead material. Furthermore, if the 
angle Gf incidence is too small with respect to normal. 
the melted marerial may not properIl* move out of the 
cutting zone. I[ is noted that the length of a cut through 

I the wwkpiece is measured from locatiw the fluid first 
contacts the lvorkpiece surface adjacent to the nozzie to 
the locat ion that fluid exits the workpiece adjacent to 
the warhead. The ideal angle of incidence is about thi;:>* 
degrees whereby rhe abwe-stared conditions are saris 
!-led. 
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4 
other as they extend from the upstream surface 54 adja- 
cent lo the combustion chamber in the casing 12, and 
intersect the slot-like chamber 62 at a predetermined 
location within the base block. The angle of the ports is 
adjusred to match that of the &t-like chamber 62 to 
prevent forming discontinuities in the flow path from 
the gas combustion chamber to the exit hole 48. The 
base block material between the ports is unitary with 
rhe central section 66 whereby that central section is 
securely held in the nozzle and the size of the chamber 
62 is maintained uniform throughout the extent of that 
chamber. Fluid entering the parts at the upstream sure 
face 54 is thus directed toward the downstream surface 
52 and away from the device centerline through the 
ports and by the slot-like chamber 62 and finally exits 
the nozzle at the downstream surface 52. 

The fluid exiting the ports 68 does not expand in a 
cone that is characteristic of a high gas to liquid ratio 
exhaust product leaving a rocket nozzle. Instead it ex- 
pands in a fan shape having a width characteristic of the 
smallest nozzle size through which the jet will reprodu- 
cably flop This fanlike expansion has a characteristic 
angle of 43 degrees with respect to vertical and can be 
used to cause fiuid exiting adjacent parrs to intermix in 
the sIot-like chamber 62 thereby forming a mass of high 
temperature fluid which is essentially continuous 
throughout the perimeter of rhe slot-like chamber 62. 
This continuous mass of fluid is applied to the work- 
piece-from the slot-like chamber and thereby has a di- 
ameter equal to the desired hole size when that fluid 
contacts the workpiece. 

It has been found rhat the 33 degree expansion angle 
is constant for the ports of the jet perforator device X0. 
Therefore. the spacing between adjacent ports can be 
set IO take advantage of this characteristic. Further- 
more, fluid mechanics dictates the pressures associated 
with rk ports so that port size can be used to establish 
pressure in the combustion chamber adjacent to nozzle 
upstream surface 54. This pressure can be set without 
affecring the spacing of the ports due to the just men- 
tioned constant fan angle. Therefore, port cross sec- 
tional size, within limits, can be used to control pressure 
in the casing 12. It has been found that the ideal pressure 
for the casing combustion chamber is between 1800 and 
2800 psig; anld the ideal port diameter has been found to 
be about WI?;! inches. Such a port diameter will estab- 
lish the proper flow through the nozzle while also estab- 
Iishing rhe proper comb&on chamber pressure. Fur- 
thermore, ir has been found that the most effecient oper- 
ation occurs when The diameters of the ports 68 are 
equal to the width of the slot-like chamber 62 as mea- 
sured berw*een the nozzle base block 51 and the plug 66. 

The cookie cutler effec? is indicated in FIG. 4 
Hlherein the high temperature, high pressure gas exits 
rhe nozzie in the form of a hollow cone as indicated by 
arro-5 F. Intersection of this hollow cone with the 
planar workpiece W defines a circle with cut C being 
defined a~ an an@= with normal N of the workpiece. 
The angle of incidence I beru*een the fluid and the 
tvorkpece is abcrut thirty degrees so the melted metal 
U’M is biased to mow axb’ay from the tone of contact as 
indicated ‘by arrows 2. The angle of incidence is also 
ad_iusled so thar the cut C is the proper length. Also 
4mu~n rn Fii. 4 is the fm an_eie of 33’ of the fluid 
cwlng ths ports 68. Adjacent ports are spaced apart a. 
distance D set SO that this fan angle causes the fluid 
~~itin_~ rhese adjacenr ports tc, combine in rhe chamber 
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62 SO the intersection between the conica fluid F and 
the workpiece produces a continuous perimeter, 

The plug-like section 66 can be used as a safety valve 
for the casing 12. If the base block is formed of material 
having reproducable strength characteristics, the sec. 5 
tion 66 can be designed to blow out when the upstream 
pressure exerted thereon at surface 54 exceeds 3 prude- 
termined value. Such plug blow-out creates a large area 
opening rhat causes the pressure to drop rapidly and 
burning ceases. IO 

While a circular configuration is shown in FIG. 2 for 
the ports, any polygona configuration of three or more 
sides can be used for the cookie cutter pattern. One such 
pattern is indicated in FIG. 5. A preferred pattern will 
have two ports 68 per polygon side, so that, for exam- 15 
ple, the four sided polvgon shown will include eight 
ports. To be most eficjent, the spacing between aija- 
cent ports is not uniform. As shown in FIG. 5, the spac- 
ing is such that the distance between one side and a first 
port is f of the length of the side and the distance be- 20 
tween adjacent pans on that side is equal to 4 of the side 
length. The distance from the last mentioned port and 
the next side is then f of the length of the side. How- 
ever, if the 43 d egree expansion cones exiting adjacent 
ports u~ill intersect, one port per side will be sufficient 25 
to create the continuous sheet of fluid exiting the cham- 
ber 62 and to cut through the workpiece in a continuous 
cut. The number of p&s can be tlaried as long as the 
pressure within the casing 12 is kept stable and below 
failure limits. The number of ports can also be varied as 30 
Ione as the size of the ports exceeds the minimum diam- 
ete;at which plugging occurs. The nozzle base block 
can be any grade of graphite, however. a higher density. 
pressed graphite with a low erosion rate is preferred. 
Xhile a jam fitring of rhe nozzle unit between the casing :I5 
shoulder 24 and the collar flange 36 has been disclosed, 
any other means of mounting the nozzle unit can be 
used as long as the molten cutting fluid dues not leak 
around the nozzie unit. 

INDt’STRIAL APPLICABILITY 
40 

While the device 10 has been disclosed in conjunction 
with EOD applications. it can be used anywhere a large 
hole is to be defined in a workpiece. It is suitable for 
underwater application as well, The nozzle has a saiery S 
fearure in that even if inserted backwards, that is with 
the surface 52 located adjacent to the material M and 
the surface 54 located adjacent to the workpiece. the 
deGce fill still funcrion. albeit less effecientlv than if 
the nozzle were proper& oriented. Because df the re- 50 
duced hazzards associared with the use of the de\& 10 
and the safety \*alue features thereof, it has a variety of 
applications. 

the zone of contact between the fluid and the work- 
piece. 

2. A nozzle for a self contained torch urhich is used on 
a workpiece, comprising 

a base block having a centerline: 
a plurality of’first fluid paths extending through said 

base block at an anele with respect to said center- 
Iine and terminatini within said base block; 

a second fluid path extending through said base Mock 
and being in fluid communication with said first 
fluid paths for receiving fluid therefrom and con- 
ducting that fluid out of said base block, said set- 
ond fluid path extending at an angle with respect to 
said centerline and directing fluid exiting therefrom 
at an angle to a workpiece surface located adjacent 
to said base block. 

3. A nozzle for a self-contained torch which is used in 
conjunction with a workpiece, comprising; 

a base block having a centerline and one surface 
adapted to be located adjacent to a workpiece: 

a fluid path means extending through said base block 
at an angle to the centerline and to said block one sur- 
face for conducting fluid against rhe workpiece at an 
angle outwardly and away from a zone of contact be- 
tween that fluid and the workpiece. 

4. The nozzle defined in claim 3 lieherein said fluid 
path means includes a pluralitv of ports lvhich extend w 
into said base block and a slot-like chamber which is 
fluidly corrected to all of said porrs. 

5. ?he nozzle defined irr claim 4 u-herein said ports 
and said slot-like chamber extend at an angle of about 
thirty degrees with respect to the base block centerline. 

6. The nozzle defined in claim 5 further including a 
plug-like means adjacenr to said ports for guiding fluid 
in said slot-like chamber and for venting fluid rapidly 
through said base block in the event pressure of fluid 
entering said ports exceeds a predetermined value. 

7. The nozzle defined in claim 6 wherein said ports 
have diameters and said slot-like chamber’has a width as 
measured between said base block and said plug-like 
means with each of said port diameters being equal to 
said slot-like chamber width. 

8. The nozzle defined in claim 3 wherein said fluid 
path means has a longitudinal extent and said base block 
is formed of graphite having a grain longitudinal direc- 
tion extending in longitudinal direciion of said fluid 
par h means. 

9. The nozzle defined in claim 3 further Including 
safety means. said safety means including means for 
relieving overpressure conditions of fluid enrering said 
ports and for permitting fluid to p~c free!~ in either 
direction within said fluid path means. - 

10. .A method of defining a large hoie in a workpiece 
corn prisi ng steps of: 
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14. The method defined in claim 13 including a step of 

flowing the fluid along a plurality of separate paths in 
flowing in the conical path farms a shape which is es- 

said first path. 
sentially continuous Mthen it intersects the workpiece. 

15. The method defined in claim 14 including a step of 17. The method defined in claim 16 including a step of 

causing said fluid to expand from said first path prior to 5 overlapping fluid exiting one of said separate paths Ah 
entering said conical path. fluid exiting adjacent separate paths. I 

16. The method defined in claim 14 wherein the fluid t 1 L: * * 
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